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Standardization 

The need for a method of determininc^ quantitatively the amount of 
hormone in a "iven extract of a ^land is ol)vious in chemical or quantita¬ 
tive ])hvsioloe^ical work dealini^ with endocrine systems. Although the 
existence of such a system for the pigmentary effectors of crustaceans 
has Ijccn known for almost ten years, no reliable method for the stand¬ 
ardization of the eye-stalk hormone has been devised. Navez and 
Kropp (1934), and Kropp and Crozier (1934) su^i^ii^ested that the eye- 
stalk hormone may be standardized by the /Ivcna coleoptilc method 
since they found that the eye-stalk extract accelerates the growth rate 
of Arena coleoptiles. These authors cnqdoycd water extracts of the 
eye-stalks of Palccmonclcs. Since many other substances in addition to 
the chromatophorc hormone arc present in a water extract of the eye- 
stalks, it is not certain that the growth effects on plants are due actually 
to the chromatophorc hormone. On the basis of liiochemical evidence, 
Carlson (1936) suggested that the growth reactions of plants to the 
eye-stalk extract was due to the presence of some substance other than 
the chroinatophore hormone. 1 f this is true, it would then ap])car that 
Kro])]) and Crozier have not been measuring the chromatojdiorc hormone 
hut possibly some other substance present in a water extract of the eye- 
stalks. 

Consequently, it was felt that the most reliable way of assaying the 
chromato})liore hormone would be to measure the res])onse of the tissue 
ftile chromato])hores) which this hormone normally affects.- A con¬ 
venient lalioratory animal on which a method of assay may be devised 
is the fiddler crab, Uca. In the vicinity of Woods Hole, two species, 
U. pugilalor and U. pugmix, are abundantly present. Both these spe- 

1 Aided in part by a Rrant from llie Rockefeller b^oundalion, administered by 
]'. L. Ilisaw. 

- Cf. Burn, J. II., 1930. Phys. Rev., 10: 146. 
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cies contain hlack, red, white and yellow integumentary chromatophores. 
Only occasionally, however, are red chromatophores observed in L\ 
piigiiax. The extreme color change of U. piiguax ranges from jet 
black to ])ale yellow (Figs. v3, 4) and of U. pugilafor from dark brown 
to cream white (Figs. 5, 6). The melanophores are the chief agents of 
this change although the movements of the other jMgments are instru¬ 
mental in producing the end result. ]\Fegasur (1912) demonstrated 
that extir])ation of the eye-stalks of Uca resulted in the production of 
the ])ale phase of its color change due to melanophore contraction. 
Carlson (1935, 1936) confirmed this observation and interpreted it as 
an effect si)ecifically due to the loss of the endocrine glands contained in 
the eye-stalks. An extract of the extirpated eye-stalks when injected 
into a pale (blinded) animal produced the dark phase resulting from 
melanophore expansion. Carlson showed further that if 0.1 cc. of a 
solution containing the extract of 1 eye-stalk of Uca in 1 cc. of water 
was injected into a blinded ^ crab, the melanophores became expanded 
within 2 hours, remained expanded for about 4 hours, and finally con¬ 
tracted so that the animal resumed the pallor previous to injection. This 
is specifically a hormonal reaction. There appears to he no other way 
whereby the melanophores of a blinded Uca may be induced to expand. 

Prelill! 1 nary Expcrinicnts 

The statements of Megasur and Carlson concerning the effects of 
blinding and of injection of eye-stalk extracts were first confirmed 
(Figs. 3, 4, 5, 6). The typical response of a blinded animal following 
the injection of an extract of its eye-stalks in a dose equivalent to 1/20 
of a single stalk may be conveniently divided into four pliases: 

(a) The first perceptible response. 

This response is evidenced by the beginning of melanophore 
expansion and occurs from 15-20 minutes after the injection has 
been made. 

(/;) The attainment of the maximal effect. 

After the first perceptible response has occurred, the melano¬ 
phores become maximally expanded within one hour. 

(r) Duration of melanophore expansion. 

Following the attainment of the maximal eftect, the melano¬ 
phores remain fully exjmnded for about 314 hours. 

(tl) The period during which the melanophores contract again. 

Four and one-half hours following the time of injection, the 

^ The term blinded will be used throughout this paper to designate the condi¬ 
tion of specimens whose eye-stalks have been completely removed. 
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mclanophorcs bc\c:in to conlract, and within the following half- 
hour. the animal becomes again ])ale. so that the mclanophorcs 
arc in the same condition as that ])revions to the injection. 

Preliminary experiments were therefore designed to determine the 
relation between each of the four jdiases of the response and concen¬ 
tration of hormone. A sea water extract was prepared from 280 eye- 
stalks of Uca pugna.v and a series of the ten following dilutions was 
made: 8, 4, 2, 1, 0.5, 0.25. 0.12. 0.06, 0.03, 0.015 E..8.‘ per cc. of solu¬ 
tion. Several hundred specimens of Uca pugiiax, blinded two days 
previously, were emidoyed as test animals. All animals were of equal 
size and weight (3.5 grains). The injection volume in all ex])eriments 
was 0.1 cc. Fifty animals in grou])s of 5 constituted the ex])erimcntal 
material for each test. The tests were carried out by injecting each 
grou]:> of 5 animals with but one of the 10 dilutions so that each animal 
in the first groii]) received a dose of 0.8 ITS. in the second group 0.4 
E.S.. in the third 0.2 ITS., etc. It was found that the time at which the 
first ])erceptible response occurred was inde])cndent of the concentra¬ 
tion of hormone. In all ten groups the first signs of mclanophore ex¬ 
pansion occurred 15-20 minutes following the time of injection, al¬ 
though at the two lowest concentrations (0.0015 E.S. and 0.003 E.S.) 
this time was slightly increased. The attainment of the maximal eft'ect 
was likewise found to be independent of concentration when concentra¬ 
tions higher than 0.003 E.S. were used. Concentrations below this 
value did not produce the maximal rcs])onsc. The duration of melano- 
phore expansion, however, was found to be ])roportional exponentially 
to the concentration of borinonc employed (doses above 0.003 E.S.). 
The time during which the melanoi)bores became contracted again was, 
like the first two ])hases of the res])onse, inde])en(lent of the concentra¬ 
tion. 

The significant point of these experiments is the demonstration that 
the duration of mclanophore expansion varies as a function of concen¬ 
tration. The times for the completion of the other three ]diases of the 
resi)onse are for all ])ractical purposes constants, indcj'jcndent of con¬ 
centration provided the doses em])loyed are greater than 0.003 E.S. In 
order to measure the res])onse of the animals to a given concentration, 
it is therefore necessary to determine only the time of injection and the 

time at which the animals become again ])ale. The difference in these 

two readings is obviously the duration of the res])onse plus 1.75 hours, 

Tlic letters E.S. will he used throiicjhout this paper as an ahhrcvialion for the 
extract erjuivalent to a given nnnihcr of eyc-stalks. For example, 1 Iv.S. indicates 
dial the extract is ecjiiivalent to diat ohtainahlc fiaan one eye-stalk; 0.5 ITS. de¬ 
notes an extract ccinivalcnl to half dial obtained from one eyc-stalk, etc. 
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which may l)e used as a coiistaiU equal to tlie sum of the times of the 
other three phases of the res])onse. 

J\iriablvs in the Method of Assay 

There are several important variables which must he controlled com¬ 
pletely if such a method of assay is to he used. 

(1) Physiologieal Uniformity of the Responsive Tissue, —The hlack 
chromato])hores were used as the sole criterion in obtaining readings 
since they are the chief instruments in determining the a])])earance of 
the animal with respect to ])aleness or darkness. In blinded specimens 
of Uea the pigment in all melanophores of the ai)])endages and body is 
uniformly and extremely concentrated, and remains so indefinitely re¬ 
gardless of environmental conditions which would ]n*ovoke ex])ansion in 
a normal animal. Thus it ap])ears certain that the responsive tissue in 
all test animals is in a physiologically uniform state. 


Table I 

Size of eye-stalk in re tat ion to hormone concentration 


Size of Eye-stalk 

Injected 

Dose 

No. 

Tested 

Average 
Weight 
of Test 
Animals 

Average 

Response 

Small (animal weight, 1.7 grams) 

0.025 E.S./cc. 

8 

grams 

3.5 

hours 

3.75 

Medium (animal weight, 2.8 grams) 

0.025 E.S./cc. 

8 

3.6 

4.09 

Large (animal weight, 5.1 grams) 

0.025 E.S./cc. 

8 

3.5 

4.88 


(2) Concentration of the Injected Hormone. —This variable is 
easily controlled since the method of pre])aring the extract unless other¬ 
wise stated was maintained constant. The eye-stalks were cut off and 
ground in a small mortar in the amount of sea water necessary for any 
particular concentration. This extract was brought to a boil so that a 
coagulum (presumably the tissue proteins) formed. The solution was 
filtered, and the filtrate made u]3 by the addition of unboiled sea water 
to the desired concentration. About 0.6 cc. of the sea water was usu¬ 
ally lost during the process of boiling and filtration. This resulted in a 
slightly hypertonic extract, but this factor is immaterial for the purpose 
of the experiment (cf, Carlson, 1936). The solution was allowed to 
cool to room temperature, usually about one-half hour elapsing, and the 
injection made. While the concentration of the hormone in terms of 
numbers of eye-stalks can be controlled cpiite accurately, the size of the 
eye-stalks used in making an extract of a certain concentration could 
not be controlled so easily. Larger eye-stalks may contain large glands 
and hence more hormone, as shown l)y Table 1. To control this factor. 









348 


A. A. ABRAMOWITZ 


the extracts were prepared from eye-stalks of animals of a definite and 
nniform size. 

(3) Sice of flic Test .IniiuaL- —This varialile ])roved to be a very dis- 
concertint^ factor at the beginning of tlie work. It was reasonable to 
suj)j)Ose that large animals would show a smaller re.^])onse to a given 
dosage than small animals because they would contain a greater amount 
of the responsive tissue, and because the hormone would be subjected to 
greater dilution. That this is plausible is shown by Table Ji. 

Consecjuently, in order to avoid the use of a curve for the calibration 
of res))onse as a function of the size of the test animals, assay ex])eri- 
ments were always carried out on animals of uniform weight. 

(4) Individual J'ariafiou. —This variable is probably the most sig- 
nilicant of those already mentioned because it is not easily controlled. 
Since it is almost impossible to carry out all ex])eriments on the same 
animal, the best metliod would be to use suriicient numbers of animals 


Tarlk II 

Size of test animal in relation to response 


Hormone Concentration 

No. of Animal:? 
Tested 

.Average 

Weiglit 

Average 

Response 



grams 

hours 

1.0 E..S./CC. 

10 

4.36 

4.13 

1.0 E.S./cc. 

6 

3.AS6 

5.56 

1.0 E.S.'ce. 

10 

1.55 

7.83 


and to treat ibe data statistically. In ])erforming an as.say, from 15 to 
20 animals of the same size and weight were injected with the same 
volume and concentration of hormone and the average res|)onse taken. 
The standard deviation of the arithmetic mean was calculated and de¬ 
terminations made to see if the differences in the res])onse at different 
concentrations were really significant. 

(5) l^olumc of Injected Dosage: Place of Injection. —Several ex¬ 
periments made to determine the most suitable volume of hormone to 
be injected led me to adopt finally 0.05 cc. as the standard injection vol¬ 
ume. Carlson used 0.1 cc. but while this is satisfactory for U. pugnax 
and very large sjiecimens of U. pugilator, it seemed to be too great a 
dose for the size of crabs eiujiloyed in most of my ex])eriments. The 
most convenient region for the injecti(m of the hormone into the body 
spaces was fonnd after many trials on ditferent regions (^)f the body to 
be through the soft tissue forming the joint between the coxipodite and 
the ])rotopidite of the walking legs. 4'his method allows for speed and 
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accuracy of injection for, using a 27-gauge liy])oclcrinic needle, one can 
inject 20 crabs within 2 minutes. 

Method Filially Adopted 

U|)on the basis of these ju'climinary experiments, the standardization 
of the cye-stalk hormone was completed using ])linded Uea pugilator^ as 
a test animal. One hundred and tifty such specimens, whose eye-stalks 
were extirpated two days previously, were arranged in ten groups of 15 
animals each. All animals were of uniform size and weight (2.46 zb .01 
gram). A stock solution of hormone was made by extracting the ex¬ 
tirpated cye-stalks as previously described. A series of 10 concentra¬ 
tions ranging from 5 E.S., cc. to 0.03 E.S./'ce. was ])repared. Five- 
hundredths of a cc. of these concentrations was used as the injection 
volume in all cases. Each of the 15 animals in a particular group re¬ 
ceived 0.05 cc. of a particular concentration, so that each of the ten 
groups of animals was injected with hut one of the ten various known 
concentrations. The difference between the time of injection and time 
at which the animals became pale again was noted. The results of this 
experiment are shown by Fig. 1. The experiment was repeated five 
times, and although the points obtained did not fit the curve as well as 
those of Fig. 1 do, it was generally true that the magnitude of the re¬ 
sponse was exponentially proportional to concentration. 

It can be seen from Fig. 1 that the relation between the complete 
response of the melanophores and the concentration of hormone is least 
sensitive over the range of concentrations above 1.0 E.S./cc. and most 
sensitive over the range from 0.06 E.S./cc. to 1.0 E.S./cc. This sensi¬ 
tive range is re-plotted in Fig. 2, which shows that there is a linear 
relationship between the duration of melanophore expansion and con¬ 
centration of hormone. 

Figure 2 was therefore used to establish the Uea unit. Two possi¬ 
bilities are open. One can choose an arbitrary response near the mid¬ 
point of this curve and designate this value as one Uea unit. Assays 
would therefore he made by repeated dilutions of an unknown until the 
resulting response equals that chosen to represent one Uea unit. A 
second possible method would be to inject 0.05 cc. of an unknown con¬ 
centration, obtain the average response and read off from Fig. 1 the 
concentration in terms of Uea E.S./cc. which gives the same response. 
The latter procedure was adopted because both amount to the same 
thing provided the unknown concentration falls within the sensitive 

^ Uca pugilator was substituted for U. pugnax as the standard test animal be¬ 
cause it is much more uniform in weight and size and because the rate of mor¬ 
tality and the frequency of autotomy are much lower than in U. pugnax. 
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Tlic* response (4.9 hours) produced hy 0.05 cc. of au extract of 
1 E.S. of i\ pugilator (2.46 grams) per cc. of solution was designated 
as one Uca unit. 


Hormone Content in the I^ve-Stalks of \C\rious 
Crustaceans 

In estimating the hormone content in the eye-stalks of various 
crustaceans, the following method was used: a number of eye-stalks 



Fi(.. 1. Curve showing the relationship between the concentration of the hor¬ 
mone and tlic complete response of Vea punilntor. 'riie points are averages of 
15-20 animals, over 150 animals l)eing used in this particular experiment. The 
solid bars represent values ecjual to twice the standard deviation of the arithmetic 
mean. 

were cut off, extracted with sea-water, boiled, filtered, and in all cases 
the solution was made u]) so that 1 cc. contained the extract equivalent 

® Tliis range is sensitive eiKnigli to delect differences in response produced hy 
a concentration of X, and one of 2X. The significant differences between some of 
the points along this range are mucli greater than that required bv tlic standard 
S.h:., —S.E., 

e(|uation - - or > 3. The sensitivity of the curve would be increased 

\J a \ -f 

by ol)taining more points ah mg tliis range, and by using extremely large numbers 
of animals to cut down the size of the standard error. 
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to 1 eye-stalk.”^ I'ivc-liuiulrcdtlis of a cc. of the solution was injected 
into each of 15 animals and the average of the responses taken. The 
concentration in terms of U. piigllator MS./cc. which produces the 
same average response was read off from Fig. 1. The hormone con¬ 
tent of one eye-stalk of various crustaceans as compared with one eye- 
stalk of U, piigilafor (1 unit) is given in Table III. The extracts were 
always made during the day and from animals which had been main¬ 
tained under illumination (dayliglit). 



Fig. 2. Curve showing relationship between the duration of melanophore ex¬ 
pansion and concentration of hormone (values replotted from Fig. 1). Theoreti¬ 
cally, the curve should go through the 0 point. 


Extraction and Purification 

Although ten years have elapsed since the eye-stalk hormone was 
discovered, very few chemical properties of the hormone are known. 
Perkins showed tliat the hormone was soluble in water, and that it was 
resistant to boiling, Carlson (1936) and Abramowitz (1936a, c) dem¬ 
onstrated that it was soluble in alcohol but insoluble in ether. Carlson 
also added that the hormone was not destroyed when treated for short 
periods of time with acid or alkali. 

’’ Unfortunately this proved to be a mistake because a few readings obtained 
in assaying the potency of the eye-stalk extracts of certain crustaceans were not 
within the sensitive range, and therefore cannot be considered as accurate readings. 
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Since a niclliod for .standardizing the hormone has l)een devised, an 
attempt was made t(^ j)nrify the substance. One tlioiisand eye-stalks of 
Cca pugilalor were dried and pulverized. The total activity of the dry 
])owder was 1000 Uca units, or 0.6 Vea units per mg. of dry ]:)owdcr. 
d’his material was extracted several times with small volumes of light 
])etroleum ether in order to remove a red carotenoid pigment which was 
found to ccuuaininate the subsequent fractions. The ether solution was 
washed with small amounts of distilled water. The water layer was 
then added to the residue insoluble in ether and the ether layer being 
only slightly active was discarded. The residue which was insoluble in 
ether was then extracted three times with distilled water. The water 
solution was boiled and liltered, and the filtrate dried in a current of 


T.mu.e III 

Hormone content of the eye-stalks of various crustaceans 


AvoraRC WeiRht 
of Animals 


Species 

Uca pugilalor 
Units 

grams 

2.46 

1 E.S. 

Uca pugilator 

1.0 

3.3 

1 E.S. 

Vea piignax 

1.0 

11.0 

1 E.S. 

Pa gurus poll i car is 

1.25 

309.0 

1 E.S. 

llomarus americunus 

1.20 

2.0 

1 Head Ilippa talpoida 

0.25 

0.38 

1 E.S. 

Crago borealis 

0.25 

219.0 

^ 1 E.S. 

Carcinus nioenas 

1.25 

80.0 

1 E.S. 

Cancer irroratus 

5.0 

0.4 

1 E.S. 

Palccmonetes vulgaris 

0.36 

15.0 

1 E.S. 

Uca minax 

1.5 

127.0 

1 E.S. 

Libinia duhia 

4.0 


warm air. The dried material was washed with small amounts of 
chloroform to remove traces of the red i)igment, and the chloroform 
washings being only slightly active were discarded. The dried filtrate 
was then extracted with 65 jier cent ethanol, and the alcohol solution was 
centrifuged. The alcohol-soluble fraction was decanted and dried. 
Jh)lh the alcohol-soluble and alcohol-insoluble fractions were active, the 
latter being much less so than the former, and hence was discarded. 
The; material soluble in per cent ethanol was then dissolved in hot 
ahsf>lute alcohol and ])rccipitated by the addition of ether. The activity 
of the mat(*rial soluble in absolute alcohol was api)ro.ximately two l ea 
units i)er mg. h'urther attempts to preci])itate the material ])roved un¬ 
satisfactory because of the exceedingly small yield. The loss in total 
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activity was about ()0 ])er cent. The material which is soluble in absolute 
alcohol is devoid of ])ii;'ment and is ap])arently |)rotein-free.‘^ 

Pro PERT ms of the Hormoxe 

The eye-stalk hormone is readily soluble in water, but not comidetely 
soluble in ethanol or methanol. Tt is only slightly soluble in acetone, 
and insoluble in organic solvents such as benzin, chloroform, or ether. 
The hormone is thermostable, but is destroyed by oxidation. It does 
not decompose when boiled with HCl or NaOII in a 1 i^er cent solution 
for short periods of time. ]f the hormone is boiled for 2 hours with 
NaOH, the activity is completely destroyed. The hormone adsorbs 
easily to various substances present in crude extracts of the eye-stalks. 
If the eye-stalks are extracted with benzin, and the benzin-soluble ma¬ 
terial (chiefly pigment) and the benzin-insolnble material tested in 
equivalent doses, only the benzin-insoluble is found to be active. How¬ 
ever, if the benzin-soluble material is concentrated and then tested, some 
activity will be found. The same phenomenon was observed when 
working up sea-water extracts of the eye-stalks of various crustaceans. 
These extracts were dried, and the dried material extracted with 95 per 
cent ethanol. Two volumes of acetone were then added to the alcohol 
solution to i)recipitate the salts, which settle out in crystalline form. 
The salt crystals were also found to be slightly active. The observations 
indicate that the hormone adsorbs very readily. The hormone may l)e 
kept in a water solution in the refrigerator for some time without ap¬ 
preciable loss of activity. However, it is destroyed slowly when kept in 
a water solution at room temperature. 

Physiology of the Eye-Stalk Glands 

One of the basic problems in endocrine research is to determine the 
factors which affect the production of a hormone and the mechanism 
which regulates its release into the circulation. The standardization of 
the eye-stalk hormone has made it possible to investigate the physiology 
of the eye-stalk glands, for the amount of hormone in the stalks of ani¬ 
mals maintained under special conditions can now be determined. The 
presence or absence of the hormone in the circulation can be determined 
quite easily by observing the states of the chief chromatophores with the 
aid of a microscope. This can be illustrated by the pigmentary reactions 
of Uca and Palceuionctes, the two animals chosen for this investigation. 
Perkins (1928) and Prown (1933) have shown that the contraction of 

® The alcoliol-soluble material gave negative results when tested with ^lillon’s 
reagent and with the Xanthaproteic test. 
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llic reel and yellow cliroinatophores of PaUcmouclcs is due to the pres¬ 
ence of the hormone in the blood stream, and that the expansion of 
these chromatojdiores results from the absence of the liormone. 'Fhe 
situation is just reversed in I'ca for in the brachyurans tlie eye-stalk 
hormone expands the melanopliores and the erylhroidtores when it is 
circulating through the animal, while its absence results in the contrac¬ 
tion of these cliroinatophores. 


Palcruiouclcs 

Forty s])ecimens of Pahriuonctcs vnUjaris of uniform size and 
weight were seiiarated into four eijual groups. One grouji was ])laced 
in a black vessel, anotiier in a white, a third group in a yellow and a 
fourth in a blue. The vessels were then jilaced under the illumination 
of two 75-watt electric bulbs, d'he animals were suj)])lied with a con- 

Tahle IV 


Hormone content in the eye-stalks of Palcemonetes under 
various environmental conditions 


Number of 
Eye-silalks 
Tested 

Condition 

.\verage 
Weight of 
Animals 

Uca Unils/E.S. 
of i‘aIa*monetes 

20 

Black-adapted 

Hrams 

0.25 

0.46 

20 

W’hite-adapied 

0.29 

0.50 

20 

Yellow-adapted 

0.30 

0.49 

20 

Blue-adapted 

0.25 

0.47 

16 

Darkness (day) 

0.28 

0.25 


tinuous current of fresh sea wat(‘r, and left undisturbed for S hours. 
A fifth group of 8 animals were jilaced in total darkness for a day. At 
the end of 8 hours, the eye-stalks of each grou]) under illumination were 
extracted with sea water and each of the 4 extracts assayed to deter¬ 
mine the amount of hormone jiresent. The eye-stalks of the animals 
placed in total darkness were extracted in darkness on the following 
day. Tile results of this investigation are listed in Table IV. 

4'his ex])eriinent was repeated three times and the same result was 
obtained in each case. The amount of hormone ])resent in the eye-stalks 
of animals kejit under illumination was twice that obtained from ani¬ 
mals maintained in darkness. This is coiilirinatory of Kroj)]) and 
C'rozier’s finding that strdk extracts of animals ke])t in darkness did not 
de])rc‘ss the growth rate of Lnpinns as much as extracts made from ani¬ 
mals exjio.sed to light. It is also in agreement with the results of Klein- 
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holz who found that extracts from animals kept in the darkroom ])ro- 
duced weaker responses in the retinal pigments than extraets of animals 
under illumination. Equally significant is the finding that the amount 
of hormone in the eye-stalks of animals showing a continuous release of 
the hormone (white-adapted group) was the same as that of animals 
showing no, or a subminimal release of the hormone into the eireulation 
(black-adapted group). 

This situation becomes understandable when the functional cycle of 
an endocrine gland is considered. The normal physiology of an endo¬ 
crine gland consists chiefly in synthesizing and storing a hormone, and 
finally releasing it into the circulation. These three processes may con¬ 
ceivably be controlled separately, or may be controlled uniformly or in 
])art by the same mechanism. In Palccmouctcs, as in some other crus¬ 
taceans. the endocrine glands (Blutdriise of Hanstrom, 1934) of the 
eye-stalk are innervated from the cerebral ganglia. The functional in¬ 
nervation of a gland would therefore afford a simple mechanism for the 
release of the hormone into the circulation. 

The results listed in Table IV' can be readily explained upon the 
basis of relative rates of hormone synthesis and hormone release. In 
darkness, there is no release of the hormone into the circulation as indi¬ 
cated by the inactive position of the distal pigment cells of the retina, 
and by the expansion of the red integumentary chromatophores (Brown, 
1935Z?).^ The rate of synthesis of the hormone must also be decidedly 
reduced as evidenced by the assays of the eye-stalks. In the presence of 
light, however, hormone synthesis is greatly increased, and this effect is 
produced regardless of the background over which the animals are kept. 
Hormone synthesis, therefore, is due to incident light and is not pri¬ 
marily dependent on reflected light. This accelerating effect of incident 
light may therefore be termed the primary effect. 

The release of the hormone, however, is definitely brought about by 
light reflected from backgrounds such as yellow or white. This is 
shown by the contraction of the red and yellow chromatophores of the 
integument and by the inward migration of the distal cells of the retina 
under such conditions. The release of the hormone into the circulation 
is maximal. However, in the black-adapted animals there is no release 
or only a sub-minimal release of the hormone into the circulation as 

^ The condition of the red pigment in Palccmonctcs maintained in darkness does 
not seem to be definitely settled. Perkins (1928) stated that the red pigment was 
concentrated in complete darkness. Brown repeats this statement (1933) but later 
(19356) is of the opinion that the red pigment is expanded in shrimps kept in 
darkness. 
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indicated by the ex])anded state of the red chroinatophoresd® Vet under 
these two conditions, the amount of hormone in the eye-stalks is the 
same. 

This situation is understandable if we consider that the white back¬ 
ground rellex ])r()dnces not only a maximal release of the hormone (and 
acceleration of synthesis due to the primary effect) but also a con¬ 
comitant increase in the rate of synthesis so that there is a loalance be¬ 
tween a high rate of synthesis and a high rate of release. This balance 
must be attained since Palccnionctcs retains a transparent hue for months 


Table V 

Hormone content during diurnal rhythm 


Condition 


Uca pugilat( 

>r 

Uca piignax 

Bhase 

Number of 
Eye-stalks 
Extracted 

Uca 

Units/E.S. 

Phase 

Number of 
Eye-stalks 
Extracted 

Uca 

Units/E.S. 

Retina extirpated 1 week 







previously 







Dav, light. 

Black 

10 

0.98 

I31ack 

10 

0.90 

Dav, dark. 

Black 

8 

0.94 

Black 

10 

1.61 

Night, light. 

Bale 

26 

1.30 

Inter. 

18 

1.00 

Night, dark. 

Inter.* 

10 

0.96 

Bale 

8 

0.91 

Normal animals 







Hav, light. 

Black 

30 

1.0 

Black 

10 

0.95 

Dav, dark. 

Black 

10 

2.0 

Black 

10 

0.97 

Night, light. 

Bale 

10 

1.0 

Inter. 

18 

0.93 

Night, dark. 

Inter. 

10 

0.90 

Bale 

10 

0.99 

1 eye-stalk remov'ed 3 







da\’s previously 







i)a\‘, light. 

Black 

16 

0.95 




Night, light. 

Bale 

16 

0.95 





*'rhe abbreviation '‘inter.” is used to designate the intermediate condition in 
coloration l)et\veen black and pale. 


if ke])t continually over an illuminated white background. If the white 
background reOex effected only a maximal release, one would reastmahly 
expect that over a long period of white hackgroimd-adaptation. the level 

^“The hormone is probably released in amounts and at a rate which consti¬ 
tutes a sub-minimal stimulus for the integumentary chromatopbores. Some release 
must occur because Kleinholz (1935) writes that the retinal pigments of Palcc- 
mouctes are under control of the eye-stalk hormone, and in animals kept on a black 
background the retinal pigments are in their active state. Hence, if the same hor¬ 
mone afTccis both the retinal cells and the integumentary chromatophores, it must 
follow that the amount of hormone released in illuminated black-adapted animals 
is minimal for the eye-pigments but sub-minimal for the body i)igments. 
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of synthesis would he outstripped by the rate of release. The glands 
would therefore become exhausted and the animals would become dark 
due to chromato]diore exjxansion. This ap|)arently never occurs. In 
the black-adapted s|)ecimens, the release of the hormone is proceeding 
slowly and conse(iuently, a balance is also obtained between a lower rate 
of synthesis and this lower rate of release. The fact that the amount 
of hormone in the eye-stalks is the same in both white-adai)ted and 
black-adapted specimens is due simply to the ])rimary effect of incident 
light. 

This interpretation of the physiology of the eye-stalk glands may be 
summarized as follows: Incident light (as opposed to light reflected from 
backgrounds) induces an acceleration of hormone synthesis but exerts 
only a sub-minimal release of the hormone into the circulation. This 
effect of light may be called the primary effect, and occurs in specimens 
placed on any background provided overhead illumination is present. 
The white background response, however, is due to the combination of 
the primary effect of incident light and of the effect of reflected light, 
which is to produce a maximal release of the hormone and a concomitant 
increase in the rate of synthesis. 


Uca 

Uca differs from Palccuwiietes in that it undergoes a periodic change 
in color and that background adaptation is lacking. Both Uca pugilator 
and piignax show a periodicity of color change. The diurnal rhythm of 
Uca piignax was described by ]\Iegasur (1912). The animals are black 
by day, pale ])y night, and this daily cycle repeats itself regardless of 
background or of light intensity. I have confirmed these statements 
and have extended them to Uca pugilator. When the eye-stalks are re¬ 
moved the rhythm is ])ermanently abolished (at least until regeneration 
of the stalks takes place) and the animals remain pale regardless of 
background or light intensity. Periodicity is therefore controlled by a 
rhythmical release of the hormone into the circulation, the release oc¬ 
curring every 12 hours. 

Several animals {Uca pitg}iax) were maintained upon an illuminated 
white background from Oct. 20-Nov. 14, 1935. During the day they 
were jet black in color, but at 5 :30 P.AI. they began to pale so that at 

7 :00 P.W. all the animals were ])ale (lemon yellow in color). At about 

8 A,]\I. on the following morning the animals turned black again. The 
same was true of s])ecimens maintained from Oct. 20-Nov. 14, 1935, in 
total darkness. Background adaptation in Uca seems therefore to be 
lacking. Periodicity is the chief factor in its color change. 
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Ccnn])lcte extirpation of l)Oth stalks leads to ])erinancnt destnictioii 
of tlie rhythm. Extirpation of hut one eye-stalk does not iin]')air the 
periodicity. One eye-stalk is therefore sufficient for the C(uitinuance of 
normal chromatic activity. I f the retinal portion of both eye-stalks is 
ctit off cleanly hy a sharp scalpel, the rhythm is likewise interru})ted. 



Platk I 

All photoi’raphs arc from life and onc-lialf life size. 

I'lG. 3. Two specimens of rca puf/nax photographed on a black background. 
Al)ovc, a specimen whose eyc-slalk.s had been e.xlirpated a day prcvioiish’; and 
below, a iKjrmal animal in daylight. 

h'lG. 4. Same as Fig. 4, bill photographed upon a white background. 

I'lG. 5. Two specimens of Era pUffUator, Above, a blinded animal 2 hours 
after injection of an extract f>f its extirpated eye-stalks. IjcIow, an uninjected 
blinded specimen. 

I'lG. 6. Same as I"ig. 6, but photographed upon a white background. 

Such animals when maintained in the li.ght on a white liackjground remain 
black duriiit^ both day and nigdit, for 3 or 4 days. Similarly ]n’e])ared 
animals maintained in total darkness remained black durinti^ lioth day 
and nigdit for 3 days. After this j^eriod rif time the rhythm apjieared 
a^ain hut was quite erratic for a day or two. after which it a])]x\ared to 
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l)c normal ai^ain. During the past summer, I rejK'ated some of these 
exi)eriments witli large numhers of animals [Tea pugihitor). In con¬ 
stant light the i)erio(lic change in color occurred at 10-11 PAL and at 
9 AAl. Moreover, only about 70 ])cr cent of the animals showed i)eri- 
odic changes. 

The hormonal content of the stalks of selected animals under various 
])hases of their diurnal rhythm was determined, and the results given in 
1 able Animals of ecpial weights were used. The average weight of 
Uca pugilator was 2.5 grams, of LL puguax 3.5 grams. 

The results listed in Table V show that the amount of hormone pres¬ 
ent in the eye-stalks is the same whether the animals are in the pale 
phase of their rhythm or whether they are in the dark ])Iiase. There are 
some variations in the quantity of hormone extracted under different 
states, but these are statistically insignificant. As in Pahcuionctcs, the 
quantity of hormone extracted from the eye-stalks is the same in condi¬ 
tions during which the hormone is being continually secreted or is 
absent from the blood stream. This situation may be similarly inter¬ 
preted. The diurnal rhythm of Uca is therefore an external expression 
of a diurnal release of the hormone mto the circulation. During the 
12 hours of release, the rate of production of tlie hormone may be in¬ 
creased to keep pace with its secretion into the blood. 

The mechanism which controls this diurnal release differs from the 
release mechanism of Palccuwnctcs. The latter is definitely brought 
about by environmental factors (white background reflex), while in Uca, 
the diurnal release proceeds regardless of environmental factors. Fur¬ 
thermore, the theoretical increase in rate of synthesis is dependent on 
light in Palccuwnctcs, and is independent of light in Uca, since the di¬ 
urnal rhythm proceeds in total darkness. The common feature shared 
by both these forms is that the release is probably controlled nervously. 
This is not as certain in Uca as it is in Palccuwnctcs, but the fact that 
the Pilutdriise in Uca are innervated and the observation that their nor¬ 
mal physiology may be temporarily disturbed by destruction of the reti¬ 
nal portion of the eye-stalks seem to point towards the presence of a 
functional innervation. At any rate, it is difficult to imagine that the 
diurnal rliytbm is an intrinsic ]3roperty of the gland cells, for an inherent 
diurnal synchronism of all the cells in a gland would be somewhat sur¬ 
prising. Furthermore, if this conception is true, one would reasonably 
expect to find variations in the content of hormone during various phases 
of the rhythm since the glands would secrete during the day and .syn¬ 
thesize during the night. The data in Table show that this does not 
occur. It would be more satisfying to regard the blood glands as being 
regulated by a diurnal flow of nerve impulses. In either case, the ori- 
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gill of the (liunial rhytlini is unknown, for one is now left without an 
ex])lanalion of the cause of a diurnal flow of nerve impulses. The inter¬ 
mediary step in the cycle is clear, however, for this is merely a diurnal 
release of the hormone into the circulation. The change in body colora¬ 
tion is but the external expression of this diurnal release. 

A final experiment was per formed to determine if a compensation 
of either hormone synthesis or release is made by the intact eye-stalk 
when its fellow is removed. One eye-stalk was removed from each of 
32 specimens of Uca pugilator and 3 days later, the remaining eye-stalks 
were extracted and assayed. During this 3-day interval, the diurnal 
rhythni proceeded quite normally, the animals being maintained under 
illumination. The eye-stalks of 16 of these crabs were assayed during 
the day, the remaining 16 during the night. The results, tabulated in 
Table show that the amount of hormone in the remaining eye-stalk of 
such " one-eyed ” crabs is the same during tbeir dark phase as during 
their jiale phase, and also the same, per eye-stalk, of normal crabs. 
Compensation, therefore, does not take ]ilace. One eye-stalk is quite 
sufficient to regulate chromatic activity when its fellow is removed. 

Discussion 

The interpretation just advanced should be considered only as a 
suggestion for it represents the first attempt to understand the normal 
physiology of the eye-stalk glands. Tt should also be stressed that the 
method of assay is sensitive enough to detect the difference between a 
concentration of X and one of 2X. Consequently, if slight variations 
do occur in the hormone content of the eye-stalks, these will not have 
been detected. Furthermore, inhibiting and activating systems may be 
jircsent and j-ilay iinjiortant ])arts in the bioebemistry of the hormone. 

Tt should also be emphasized that the theoretical considerations and 
the interjirctations advanced are dependent upon the assumption that 
the glands in the eye-stalk are the chief if not the sole source of the 
manufacture of the hormone. This assumption is generally believed to 
be true, hut certain recent observations are opposed to this notion, 
llosoi fl934) found that extracts of the ventral nerve cord and male 
genitalia of Penevus ]:»roduced chromato])hore contraction when injected 
into blind(‘d specimens of Paralya, showing that these extracts contained 
the chromato])horotro])ic hormone. Extracts of the stomach and 
muscles were also slightly active, but extracts of heart tissue were de¬ 
cidedly inactive. By a sim])le method ITosoi calculated that the eye- 
stalks were about one liundred times strongcu* in hormone content than 
the ventral lun ve canal (u* genitalia. These results were criticized by 
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Klcinholz (1935), who altri[)utc(l them to tlic ])re8c‘ncc of tlic hormone 
ill the coagulated lilood contained in these organs. Kleinliolz’s criticism 
seems to be well taken, Init it is rather snrjirising that heart extracts were 
negative since these should also contain coagulated blood. At any rate, 
Ilosoi does not describe the type of animal from which the extracts were 
made. If the extracts were prepared from shrimp showing the phase 
in which the eye-stalk hormone was being released into the circulation, 
Kleinholz’s criticism would seem very justifiable and the importance of 
Hosoi’s results would be uncertain. If the extracts were made from 
black-adai)ted specimens, or better, from animals whose eye-stalks were 
amputated some time jireviously, Hosoi’s results could then be taken to 
indicate that organs other than the eye-stalks may jiroduce the hormone. 
Brown (1933, 1935a) likewise states that extracts of the ventral nerve 
cord of Palccmonctcs are active when tested on the chromatophores of 
blinded specimens. However, he gives no data concerning the phase of 
the shrimps from which his extracts were prepared nor of the potency of 
such extracts in relation to an extract of the eye-stalks. It would seem 
that Kleinholz’s criticism of Hosoi's work would apply aptly to that of 
Brown. It has not been shown conclusively, therefore, by this type of 
experiment that other tissues may produce the hormone found so abun¬ 
dantly in the eye-stalks. 

A second line of evidence bearing on this question has been advanced 
by Brown (1935a). Brown applied heat and electricity to the stubs of 
the eye-stalks in animals whose stalks were previously removed and ob¬ 
served that such stimuli induced rapid chromatophore contraction. This 
reaction was interpreted by him to be due to the excitation of endocrine 
glands of some region of the body outside of the eye-stalks by these 
heterologous stimuli (heat, electricity). However, this interpretation 
must be supported by the demonstration that the assumed endocrine 
glands in some region of the body are actually present, and that the 
contraction of the chromatophores following such stimuli is actually 
hormonal. 

It can be concluded from this discussion that the eye-stalks are the 
chief source of the production of the chromatophore hormone. It can 
also be stated that none of the experiments already mentioned shows 
conclusively that tissues other than the eye-stalks may produce the hor¬ 
mone, The facts that under illumination blinded Pahcuwnctcs remain 
steadily dark, and that blinded Uca remain continuously pale indicate 
that if other tissues, capable of forming the chromato])hore hormone, are 
l)resent they play an insignificant part in the ordinary chromatic physi- 
ology of these animals. 


362 


A. A. AP.KA.XrOWITZ 


1 he iiilcrpretalion ot tlie inechanisin of (liiinial rhvtiini in L ea dif¬ 
fers slit^dnly from lliai advanced l)v Young (1935) for tlic cyclostonie, 
Lanif^elra. L'ra and Laiiipctra show many features in common. In 
each animal l)ackgronnd adai)lalion is lacking. J^Lach animal is ])ale dur¬ 
ing the night, and dark during day. liach responds to the loss of its 
chromato])hore hormone Iw com])lete ])allor, and each res])onds to the 
loss of its retinas by melanophore ex])ansion. which is not as permanent 
in rca as in adults of Lanif^ctra. d'he diurnal rhythm of either i'ca or 
Laiupcini may j)roceed in total and enduring darkness. However, un¬ 
der constant illumination, the coloration of Lainpctra remains steadily 
dark while the color rh}'thin of rca may continue. To account for the 
])eriodic change in the coloration of the lam])rey, ^A)ung suggested that 
the paired eyes in collaboration with the ])ineal glands affected the me- 
lano])hores by a nervous inhibition of the secretion of the nielanophore- 
e.xj)anding substance by the pituitary .so that the animal becomes pale. 
This associates the active phase of the daily cycle with the a])pearance 
of the ])alc coloration of the lamprey, that is, with its nocturnal hue. 
d'he mechanism advancc*d for Vea ])laces the active ])hase of the cycle 
with the ap])earanee of its diurnal hue. but there ap])ears to be no reason 
why Young's interpretation could not also a]3ply to the situation in Vca. 
What actually ha])pens in either Vca or Lainpctra is the secretion of the 
melanophore hormone (assuming that we are dealing in terms of one 
melano])hore substance in either ca.se) into the circulation during the 
day, and its absence (hiring the night. This daily cycle may be due to 
(1) a diurnal nervous stimulation of secretion, (2) a nocturnal nervous 
inhibition of the glands which, if not inhibited, would continue to 
secrete, or (3) to a combination of both. .At ])rescnt, it is difficult to 
prove which of the three possible niecbanisms is correct, d'be inter¬ 
pretation that the active ])hase of tlie daily cycle in Cca was associated 
with the dark ])hase was made in consideration of the results obtained 
with Lahcnionctcs, in which tlie release of the hormone into the circula¬ 
tion is evideiitl}' due to a nervous stimulation of the glands. 

In conclusion, it would be fair to outline brielly other ])ossible ex- 
])lanatioiis of the jibysiology of the eye-stalk glands in Pahnaoncics. 
The exj)lanation already advanced is bas(*d ])artl\' on the obser\’ations 
ol llrown (1935/^), which may not be entirely correct, and also takes 
into consideration the behavior of the retinal pigments on the basis that 
tluw are affected by the same hormone. Concerning the latter, there 
are no indications at prescMit for the existence of two hormones, one for 
the body ])igments. and one f(U' the retinal cells. .All that is known now 
is that the saiiu* e.xtract which affects the body chromatojihores also 
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affects tlic retinal cells (Kleinholz, 1935). 'fhe key to the whole situa¬ 
tion lies in the behavior of the red and yellow chroinatoj^hores in ani¬ 
mals maintained in darkness. If Ih'own (1935/^ |). 320, but see also 
]). 328) is correct in noting that the more usual condition of the red 
and yellow pigments of animals maintained in darkness was slight dis- 
])ersion, and that a long sojourn (2-3 weeks) in darkness resulted in the 
same condition of these ])igments as that occurring when animals were 
ada|)ted to a red background (cf. ]). 319, Brown, 1935/;), there is little 
reason for postulating separate aulocoids for the body and retinal pig¬ 
ments. Threshold differences would account for the various responses. 
If the earlier observation of Perkins (1928) that the red and yellow 
jMginents are contracted in darkness is correct, the existence of separate 
hormones would be clearly indicated (because the chief body pigments 
would react completely inde])endently of the retinal pigments in dark¬ 
ness and on an illuminated black l)ackground), and the entire problem 
would be greatly simplified. Secretion and synthesis of the retinal hor¬ 
mone would take place only under the action of light; in darkness, re¬ 
lease would be abolished and synthesis reduced. For the chief body 
pigments, it would have to be assumed that the gland produces and re¬ 
leases the hormone continuously, that synthesis is accelerated by incident 
light regardless of background, and that release is inhibited l)y a black 
background. The latter process seems theoretically difficult, for a white 
background reflects while a black background absorbs light. Finally, 
the stimulus for release or for inhibition of release may depend on the 
excitation of certain portions of the retina by a particular ratio of inci¬ 
dent to reflected light. All these possibilities are well worth investiga¬ 
tion. 

Summary 

A method for the standardization of the crustacean eye-stalk hor¬ 
mone on the blinded fiddler crab, Uca, has been described. The Uca 
unit has been defined as the amount of hormone contained in 1 cc. of 
solution, 0.05 cc. of which when injected into each of 15 specimens of 
Uca pugilator blinded 2 days previously produces a response whose 
average duration is about 5.0 hours. The response is measured as the 
amount of time intervening between the injection of the hormone and 
the time at which the animals again become jiale, an interval during 
which the melanophores expand, remain expanded for some time, and 
finally contract. The hormone content in the eye-stalks of various 
crustaceans was determined. A method for the extraction and puri¬ 
fication of the hormone has been described, and some chemical and 
physical properties of the hormone have been listed. 
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The amount of lioniione extracted from the eye-stalks of Paler- 
monctes is the same rej^^ardless of whetlier the hormone is secreted con¬ 
tinuously into the circulation, or whether it is continuously absent, 
conditions which are brought about by illuminated white and black 
surroundings res))ectively. In darkness, there is no release of tlic 
hormone into the blood, and a very low content of hormone in the 
eye-stalks, approximately half that obtained from the stalks of illu¬ 
minated animals. It is postulated that light, regardless of back¬ 
ground, causes an acceleration in hormone synthesis, and that light 
de])ending on certain backgrounds such as white, causes a maximal re¬ 
lease of the hormone into the circulation with a concomitant increase in 
rate of lu’oduction of the hormone. The diurnal color rhythm of Uca 
is an external expression of a diurnal release of the hormone into the 
circulation. Both release and synthesis are independent of environ¬ 
mental conditions, and it is suggested that they are controlled by a di¬ 
urnal discharge of nerve impulses from the C.X.S. This discharge, 
during the day, would exert a 12-hour release of the hormone with a 
concomitant inc]*t*ased rate in production, the absence of the discharge 
during night would cut off release and slow d(jwn rate of synthesis. 
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